A Gram-staining-negative, yellow-pigmented, strictly aerobic, zeaxanthin-producing, rod-shaped, non-endospore-forming, appendaged bacterial strain that exhibits gliding motility, designated CC-AMSZ-T T , was isolated from marine sediment off coastal Kending, Taiwan. Strain CC-AMSZ-T T shared 94.9 % and 96.7-94.1 % 16S rRNA gene sequence similarities with Gramella echinicola KMM 6050 T and other species of the genus Gramella, respectively, and formed a distinct phyletic lineage in phylogenetic trees. The major (¢5 % of the total) fatty acids were C 16 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 1 v6c and/or C 16 : 1 v7c and iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl. Phosphatidylethanolamine, six unidentified lipids and three unidentified aminolipids were the polar lipid components. The DNA G+C content was 38.6 mol%. The predominant respiratory quinone was menaquinone-6 (MK-6). Based on the phylogenetic distinctiveness and distinguishing phenotypic characteristics, strain CC-AMSZ-T T represents a novel species of the genus Gramella, for which the name Gramella oceani sp. nov. is proposed. The type strain is CC-AMSZ-T T (5JCM 18809 T 5BCRC 80547 T ).
'Gramella forsetii' KT0803, which was isolated from North Sea surface waters during a phytoplankton bloom (Bauer et al., 2006) , is the sole strain representing the genus Gramella whose whole genome has been sequenced. 'Gramella jeungdoensis' was isolated from a solar saltern in Jeungdo, jeolnam, Republic of Korea , Gramella aestuarii was characterized from a tidal flat at Boseong, Korea (Jeong et al., 2013) , Gramella flava was described from surface seawater of the south-eastern Pacific Ocean (Liu et al., 2014) and 'Gramella planctonica' CC-AMWZ-3 was isolated from surface seawater of Taiwan (Shahina et al., 2014) . One of the characteristic features of representatives of the family Flavobacteriaceae is carotenoid production and several marine bacterial strains have been characterized recently for zeaxanthin production (Hameed et al., 2011 (Hameed et al., , 2012 (Hameed et al., , 2014 Shahina et al., 2014) .
Species of the genus Gramella are characterized by their differential hydrolytic ability, enzyme activity and ability to assimilate various carbon compounds (Lau et al., 2005; Nedashkovskaya et al., 2005 Nedashkovskaya et al., , 2010 Bauer et al., 2006; Cho et al., 2011; Joung et al., 2011; Jeong et al., 2013; Liu et al., 2014) . The main cellular fatty acids in G. echinicola KMM 6050
T were reported to be iso-C 15 : 0 , anteiso-C 15 : 0 , C 15 : 0 , iso-C 16 : 1 , iso-C 16 : 0 , iso-C 16 : 0 3-OH, iso-C 17 : 0 3-OH and summed feature 3, comprising fatty acids iso-C 15 : 0 2-OH and/or C 16 : 1 v7c (Nedashkovskaya et al., 2005) . However, a literature survey revealed remarkable qualitative and quantitative variations in these fatty acids among species of the genus Gramella when compared to those of the type species (Lau et al., 2005; Nedashkovskaya et al., 2005 Nedashkovskaya et al., , 2010 Cho et al., 2011; Joung et al., 2011; Jeong et al., 2013; Liu et al., 2014) . The presence of MK-6 as the sole or predominant respiratory quinone and low are also characteristic features of species of the genus Gramella. G. echinicola KMM 6050
T was identified to possess phosphatidylethanolamine (PE), four unidentified aminolipids and three unidentified lipids as polar lipid components (Jeong et al., 2013) . However, Liu et al. (2014) reported the detection of phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), sphingoglycolipid (SGL) and PE in G. echinicola KMM 6050
T . In addition, Liu et al. (2014) also recorded the absence of PE and the presence of PG, DPG, SGL, an unknown glycolipid and two unknown polar lipids in G. flava JLT2011 T . Thus, ambiguity exists in the polar lipid data reported from G. flava JLT2011 T as well as from G. echinicola KMM 6050 T , which must be rectified. Here, we sought to address this issue while describing the polyphasic taxonomic characterization and carotenoid analysis of a novel marine bacterial strain designated CC-AMSZ-T T , affiliated to the genus Gramella.
During an investigation pertaining to carotenogenic microbiota inhabiting the ocean, strain CC-AMSZ-T T was isolated from a seashore sediment sample collected at coastal Kending, Taiwan (21.93496 u N 120.82151 u E) on 5 September 2012. The sample was subjected to the standard dilution-toextinction plating technique using marine agar 2216 (MA; BD Difco) (30 u C, 48-96 h). A yellow-coloured colony of strain CC-AMSZ-T T was isolated, purified and preserved in marine broth (MB; BD Difco) supplemented with 20 % (v/v) glycerol at 280 u C. Taxonomic investigations were carried out according to previously published guidelines and minimal standards (Bernardet et al., 2002; Tindall et al., 2010) . G. echinicola KCTC 12278 T (Nedashkovskaya et al., 2005) , G. aestuarii JCM 17790 T (Jeong et al., 2013) , G. flava LMG 27360
T (Liu et al., 2014) and 'G. planctonica' CC-AMWZ-3 (Shahina et al., 2014) were used for direct comparative analysis. All strains were cultured by using MA or MB for 48 h at 30 uC, unless specified otherwise.
The genomic DNA of strain CC-AMSZ-T T was isolated by using an UltraClean Microbial Genomic DNA Isolation kit (MO BIO) by following the manufacturer's instructions. The partial 16S rRNA gene was amplified by PCR as described by Shahina et al. (2013) . Gene sequencing was performed by using a Bigdye terminator kit (Heiner et al., 1998) and an automatic DNA sequencer (ABI PRISM 310, Applied Biosystems) (Watts & MacBeath, 2001) . Sequence fragments were then assembled using the Fragment Assembly System program from the Wisconsin Package (GCG, 1995) . Sequence similarity values were computed using the BLAST search (Altschul et al., 1990) program of EzTaxon-e (Kim et al., 2012) . Sequence data were analysed by MEGA 5 (Tamura et al., 2011) , after multiple alignment by CLUSTAL X (Thompson et al., 1997) . The distance matrix method (distance options according to the Kimura two-parameter model; Kimura, 1980) including clustering by neighbour-joining (Saitou & Nei, 1987) , a discrete character-based maximumparsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods were used. The topologies of the trees were evaluated by using the bootstrap resampling method based on 1000 replications (Felsenstein, 1985) .
The size of the amplified 16S rRNA gene of strain CC-AMSZ-T T was 1521 bp. Strain CC-AMSZ-T T shared highest 16S rRNA gene sequence similarity to 'G. planctonica' CC-AMWZ-3 (96.7 %) followed by 'Gramella jeungdoensis'
T (94.9 %) and G. marina KMM 6048 T (94.1 %). In the neighbour-joining phylogenetic tree, strain CC-AMSZ-T T formed a distinct phyletic lineage associated with 'G. planctonica' CC-AMWZ-3 with 67 % bootstrap confidence of the node (Fig. 1) . Similarly, the phylogenetic association between strain CC-AMSZ-T T , 'G. planctonica' CC-AMWZ-3 and representatives of other species of the genus Gramella was quite stable in the maximum-parsimony and maximum-likelihood trees as well.
The following phenotypic tests were carried out exclusively on strain CC-AMSZ-T T . Colonies were examined for morphological features such as colony appearance, size, shape, texture and pigmentation. Presence of endospores was assessed by phase-contrast microscopy (model A3000, Zeiss) after malachite-green staining (Smibert & Krieg, 1994) of cells grown on MA for 7 days. Cell morphology including presence of flagella was determined by placing the cells (1-2 days old) on a carbon-coated copper grid followed by staining with 0.2 % uranyl acetate for 5-10 s, brief air-drying and observation under a transmission electron microscope (JEM-1400, JEOL). Gram staining was performed according to Murray et al. (1994) . Gliding motility was investigated by using phase-contrast microscopy (model A3000, Zeiss) of a hanging-drop preparation from a MB culture (Bernardet et al., 2002) . The presence of flexirubin-type pigments was investigated as described by Reichenbach (1992) and Bernardet et al. (2002) .
The following phenotypic tests were carried out on all five strains. Growth was tested on nutrient agar (NA; Himedia), tryptic soy agar (TSA; BD Difco) and R2A agar (BD Difco).
Growth under anaerobic conditions was tested using MA or MA supplemented with 0.1 % (w/v) KNO 3 by incubating the culture plates in an anaerobic chamber (COY). Activity of catalase and oxidase, and hydrolysis of starch, egg yolk, Tweens 20 and 80, casein (skimmed milk), colloidal chitin, CM-cellulose, xylan, L-tyrosine and DNA were tested as described previously (Hameed et al., 2014) .
The requirement for NaCl was tested on R2A agar supplemented with 0-10 % (w/v) NaCl (at 1 % intervals). The pH range for growth was determined in MB that was adjusted before sterilization to pH 4.0-10.0 (at 1.0 pH unit intervals) using appropriate buffers . Growth at 10, 20, 25, 30, 37, 40, 45, 50 and 55 u C was tested in MB after 72 h of incubation. Bacterial cell suspensions supplemented with 3.2 % (w/v) sea salts were inoculated in API 20 NE, API ZYM and API 50 CH strips (bioMérieux) and the GN2 MicroPlate (Biolog) according to the manufacturers' instructions.
The morphological characteristics of strain CC-AMSZ-T T are shown in Figs 2 and S1 (available in the online Supplementary Material) and given in the species description. Cells of strain CC-AMSZ-T T were Gram-negative and rod-shaped, and possessed unusual peripheral appendages. These appendages have not been reported from any other species of the genus Gramella described so far. Other features that distinguished the novel strain from reference strains are given in Table 1. For cellular fatty acid analysis, fatty acid methyl esters of strain CC-AMSZ-T T and reference strains were extracted from cells cultivated on MA at 30 u C for 2-3 days. Cell samples were harvested during exponential growth phase, and subjected to saponification, methylation and extraction as described previously (Kämpfer & Kroppenstedt, 1996) followed by gas chromatography (model 7890A, Agilent). Peaks were automatically integrated, and fatty acid names and percentages were determined using the microbial identification standard software package MIDI (version 6) (Sasser, 1990) by adopting the database RTSBA6.
The major (¢5 % of the total) fatty acids of strain CC-AMSZ-T T were C 16 : 0 (6.3 %), iso-C 15 : 0 (37.9 %), anteiso-C 15 : 0 (10.4 %), C 16 : 1 v6c and/or C 16 : 1 v7c (summed feature 3; 5.4 %) and iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl (summed feature 9; 14.4 %), which were also found in G. echinicola KCTC 12278 T in major amounts as shown in Table S1 . Nevertheless, clear qualitative and quantitative differences were recognized in the overall fatty acid profiles of the five strains examined, particularly with regard to C 16 : 0 , iso-C 16 : 0 and iso-C 17 : 0 .3-OH.
Respiratory quinones of strain CC-AMSZ-T T were extracted according to the protocol of Minnikin et al. (1984) and analysed by reversed-phase HPLC according to . All data are from this study except where indicated otherwise. All strains are yellow-pigmented, Gram-staining-negative, strictly aerobic, rod-shaped, flexirubin-negative and display gliding motility. All strains possess zeaxanthin as the predominant carotenoid pigment and are positive for the following characteristics: activity of catalase; hydrolysis of casein, starch, Tween 20, aesculin, gelatin and p-nitrophenyl b-D-galactopyranoside; assimilation of D-glucose, D-mannose, N-acetylglucosamine and maltose; activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase and N-acetyl-b-glucosaminidase; acid production from aesculin ferric citrate, maltose, sucrose and trehalose; oxidation of a-cyclodextrin, dextrin, glycogen, N-acetyl-D-glucosamine, cellobiose, D-fructose, gentiobiose, a-D-glucose, lactose, maltose, D-mannose, melibiose, methyl b-D-glucoside, raffinose, sucrose, trehalose, turanose, acetic acid, citric acid, D-gluconic acid, a-ketoglutaric acid, a-ketovaleric acid, DL-lactic acid, succinic acid, Lalanyl glycine, L-aspartic acid, L-glutamic acid, glycyl-L-aspartic acid, glycyl-L-glutamic acid, L-serine, 2,3-butanediol, a-DL-glycerol phosphate and a-D-glucose 1-phosphate. All strains are negative for the following characteristics: hydrolysis of chitin, CM-cellulose and Tween 80; nitrate reduction, indole production and fermentation of glucose; activity of arginine dihydrolase, urease, lipase (C14) and a-fucosidase; assimilation of capric acid and phenylacetic acid; acid production from glycerol, erythritol, D 
glucopyranoside, cellobiose, lactose, gentiobiose
Tween 40, D-galactose, bromosuccinic acid, L-asparagine, Lpyroglutamic acid, inosine
A. Hameed and others the method of Collins (1985) with minor modifications . In line with the reference strains and all members of the family Flavobacteriaceae, strain CC-AMSZ-T T contained menaquinone-6 (MK-6) as the major respiratory quinone. In addition, strain CC-AMSZ-T T also possessed minor amounts of MK-4 (7.5 %) and MK-5 (9.7 %).
Carotenoids were extracted and analysed according to the methods of Hameed et al. (2012) . All five strains produced all-trans-zeaxanthin (zeaxanthin) as the predominant (.70 %) carotenoid pigment. In addition, low amounts of cis-isomeric zeaxanthin (14 %) and some unidentified carotenoids (15 %) were also detected in all five strains. Polar lipids of all strains (except for strain CC-AMWZ-3 T ) were extracted and analysed by two-dimensional TLC (Embley & Wait, 1994) . The total lipid profiles are shown in Fig. S2 . Strain CC-AMSZ-T T possessed PE, six unidentified lipids and three unidentified aminolipids, which was in excellent agreement with the polar lipid profiles of 'G. planctonica' CC-AMWZ-3 (Shahina et al., 2014) and G. echinicola KCTC 12278 T (Fig. S2) . G. flava LMG 27360
T exhibited a similar polar lipid profile with two additional unidentified phospholipids in minor amounts. By contrast, G. aestuarii JCM 17790
T also showed a similar polar lipid profile but lacked an unidentified lipid (L6) that was found in trace amounts in the other three strains. Glycolipids were absent in all four strains. Similarly, none of the strains possessed polar lipids such as PG, DPG and SGL. Present results substantially validated the polar lipid data previously reported by Jeong et al. (2013) for G. echinicola KCTC 12278
T and G. aestuarii JCM 17790
T . In addition, based on the visual inspection of TLC plates, it was evident that the qualitatively almost-similar polar lipid profiles varied only quantitatively in species of the genus Gramella.
For the determination of the genomic DNA G+C content, DNA of strain CC-AMSZ-T T was subjected to thermal denaturation followed by enzymic digestion into nucleosides as described previously (Mesbah et al., 1989) . The resultant nucleoside mixture was separated and quantified by reversed-phase HPLC according to Mesbah et al. (1989) with minor modifications . The genomic DNA G+C content of strain CC-AMSZ-T T was 38.6 mol%, which was slightly lower than those of the reference strains used in this study (Table 1) but well within the range (36.6-42.3 mol%) reported for other species of the genus Gramella described so far (Lau et al., 2005; Nedashkovskaya et al., 2005 Nedashkovskaya et al., , 2010 Bauer et al., 2006; Cho et al., 2011; Joung et al., 2011; Jeong et al., 2013; Liu et al., 2014; Shahina et al., 2014) .
Taken together, the phylogenetic relatedness, morphological features, and differential phenotypic and genotypic characteristics including polar lipids, fatty acids and DNA G+C contents unambiguously indicated that strain CC-AMSZ-T T is a representative of a novel species of the genus Gramella, for which the name Gramella oceani sp. nov. is proposed.
Description of Gramella oceani sp. nov.
Gramella oceani (o.ce9a.ni. L. gen. masc. n. oceani of the ocean).
Cells are Gram-staining-negative, strictly aerobic, motile by means of gliding, non-endospore-forming, chemoheterotrophic, mesophilic, 2.4-2.8 mm in length and 0.6-0.8 mm The type strain is CC-AMSZ-T T (5JCM 18809 T 5BCRC 80547 T ), isolated from marine sediment off coastal Kending, Taiwan. The DNA G+C content of the type strain is 38.6 mol%.
